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ABgTRACT
The transient analyser described is a simple and reliuble
eleotronic a"ioo which operates by generating a number ol pulses
exactly equal to the mmber of cycles required for the outpubt current
or voltage of a magnetic amplifier to ohange from its {nitial value
%o & prodetermined value, The response time in oycles is obtained
directly by recording the output of the analyrer with an eleotronic

counter or conventional recording devices.
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INTRODUCTION

The responss time of a magnetio amplifier is defined as the
time required for the vms or rectified average valus of ~utput current
or voltage to change a prescribed percentage of the difference hetween
the corresponding initial and final steady state valueg. TWhen the
magnetic characteristigs of the cores materials epproacsh the rectangular
B~H loop shape, the wave form of the output current exhibits the typical

rmamt———

. rapid rise as one core saturates atsome angle and sinuscidal form
after saturation, until the end of the half oycle. Under these son= N
ditions, the peuk vaelue of load current is independent of the average f
- or rms value when

w = g \

Unfortunately, conventional recording instruments are better
suited to the measurement of cyclic peak values and ¢ an be adapted to
the measurement of the rms or averags wvalue response time only at the
expense of oconsiderable inconvenience and diffioculty. An electronic .
oyoclic integrator which permits direct measurement of the regtified |
average vfh‘;e of the output ‘taken over each cycle has been previocusly ! [
desoribed™?”, With this method the response of the amplifier in terms -
of oyclic average values is portrayed on the screen of a cathode ray
oscilloscope, is photographed end the response time determined in the
usual manner. .

The device tobe described in this paper (oalled the
Trensient Analyzer) is also electronic but is very simple and re-
liable a8 comparsd with the above device, and possesses aocuracy of &
high order. The output of the transient analyzer is a series of pulses
equal in number to the number of cycles required for the load current
to change from 1ts initial value to any arbitrarily specified velue
(called the reference value). The reference may be specified in terms ;
of rectified average or rms wvalues by the use of a sultable meter by i
performing a manual adjustment prior to the initiation of the trans= o
lent,
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DESCRIPTION OF TRANSIENT ANALYZER

Principle of Operation

The operation of the transient unalyzer 1s best described by
making reference to Figure 1. The values of control cirocuit voltage
(EolvE ,) or current corresponding to thedesired initial and final
steady state values of load current or voltage ars first satablished.
The output of the magnetioc emplifier is then set at thereference value
(t.0. 63,90 percent, stc.of the total changs) by applying a suitable
signal to the ocontrol circuit. Corresponding to the reference wvalue
of output, the magnetic amplifier saturates at some angle

B "Wl L

iz ocalled the reference angle, When the core materials are not
"Tdeal®™ the current wave does not jump abruptly at saturstion; however,
ir I1s teken as the angle of maximum slope of the wave, the
operation is the seme as though the materials were rectangular,

The transient enalyzer generates a voltare pulse of very
short duration once every cycle, The phase of this (reference) pulse
is next made to coinclde with the reference angle by a manual adjust=
ment. When the output current is less than the reference value

Yp >R

end when the output current is greater than the reference value *

W <re

The function of the trensient analyzer is to compere the angles

and 4, every cycle and to indicate theresult by generating an output
pulse every cycle if > but no pulse if Loty = for a build -
up transient; and by geherating a pulse every cycle i . <.‘R but ne
pulse if > 4, = for a decay transient. The ransient analyzer becomes
operative only after the switch initiating the transient is thrown.
Therefore, the nimber of pulses generated by the snalyzer after the swtich
is thrown is equal to the number of cycles required f or the magnetic
amplifier output to change from the initial value to the r eference
valus., The r esponse time of the magnetic amplifier is obtained directly
by counting the number of pulses generated by the analyzer during the
transient. An slectronic counter of the conventional type# wes found
to be a very convenient means for counting the pulses; however, a

* Although these remarks apply only to a single-ended magnetic amp-
lifier, the method itself can be applied to a push-pull amplifier by
comparing the saturation angle of one reactor with the reference angle,
¥ Multiple decade counters employing Eccles~Jordan flip-flop circuits
as used in elestronic digital computers,
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standard type recording ocscillograph could be used equally well, but
with perhaps less convenience,

The comparison of the angles % and is mede during one
half of the cycle (the negative half in ¥Igure 1J. If the output of the
magnetio amplifier is s~=o, as shown in Figure 1, the signal into the
transient analyzer can be obtained from the load(i.e, load voltage ).

If the signal is full-wave d~o (rectified d-c) then the signal to the
transient analyrer muat be taken as the volbtage across one reactor wind=
ing(see waves in upper left corner of Figure 2). In any case; i.e.
fullawave d-=o, full-wave a~a, half-wave, or push-pull a=c or d=o: the
signal oan always be taken from a winding of one reactor. The rcason

for the above is that the analyzer operates by comparing the reference *
pulse with some negative vulse derived from the megnetic amplifier which
ocours only once during & oycle. This requirement is always met by taking
the signal from a winding on any core in the amplifier*,

!

The reference pulse phase angle “R is readily adjusted with=
out the ald of an oscilloscope as follows: ~The output of the magnetic
amplifier 1s set at the reference value by applying an appropriate steady
state oontrol signal and observing the output with a suiteble a=o
or d-c meter, The transient eanmlyzer is unclamped and the phase adjust-
ment varied until pulses are obtained from the output terminalse
(e eleotronic counter counta continously as indicated by neon bulbs.)
The phase adjustment is then varied (coarse and fine adjustments) until .
the output from the analyzer just ceases, The reference angle is now [
adjusted properly. The analyzer is again clamped, the counter reset to
zero, and the transient initiated by throwing the switchs At the com=
pletion of the transient, the reading of the counter is exactly equal
to the response time Imoycles.

Description of Circults

The internal operation of the transient enalyzer can best
be explained by reference to the block diagram of Figure 2, The input
signal (a) is clippeds, differentinted, and emplified resulting in a
sharp negative pulse of short duration (b) which oocurs at phase
sngle « An a-0 volbage (o) having the same frequency as the mag-
netic supply is passed through a phase shifter which is equippedwith
coarse and f ine adjustments for varying the phase. The phase shifted J
a~c wave (d) is olipped(e), differentiated and amplified resulting in
8 sharp negative pulse of short duration (f£); this is the reference

*The input impedance of the transient analyzer 1s high enough (one P
megohm) to prevent detrimental loading of the circuits.
$The negative half cycle iz removed if the neg-tivedrop in the signal i
occurs on the positive half cycle(input from a reactor winding) and the :
positive half cycle is removed if the negative drop ococcurs during the

: regative half cycle. See{s) in Fgure 2; for circuit details see
Figure 3.
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pulse. The phase of the refarence angle iz determined by the phase
adjustments previously described. The two pulses (b) and (f) are fed
into opposits plates of & conventionsl Ecclea~Jordan Flip~Flop Circuit,
The operetion of the Eocles-Jordan3cirouit is such that a negative pulse
received at one plate "trigrers™ the stage causing that plate voltage
to drop to its "low™ value and the voltage of the opposite plate to riase
to its "high™ valua. The cirocuit thenmmains in this condition until a
negative pulse 1s recelved at the plate of the second (opposite) tube, at
which time the plate voltage wvalues of the two tubes reverse .

The voltage from one plate of the flipweflop cirouit (g) is used
to oontrol the gatestage. When this plate is "high™ ‘the gate is open and
allows to pass through it a signal appearing at its imput terminals (1i).
When this plate is "™luw™ the gate is closod and the incoming signal
(1) is blookeds

The two input conneotions to the flip=flop circuit are inter-
ohanged for build-up and decay transients, For a build-up transient,
the pulse derived from the magnetic amplifier (b) Is connected to
trigger the flip~flop in such a direction as to open the gate, and the
reference pulse (f) is connected in such a direction asto close the gate.
The signal input (called the "sensing® pulse) to the gate (1) ocours
st angle “g0 where

%" %Rt
It follows immediately that if (b) ocours after (f), that is

aa >

the gate will open when tha sensing pulse (i) arrives at the imput to
the gate; therefore, a pulse appears at the output (3 and k) of the
device. On the other hand, during a build-up transient, if (£) cocours
after (b), that is

Sl “ge
the gate will be closed when the sensing pulse (1) arrives at the
input to the gate; under these coriitiens, no pulse eppears at the out-
ut of the transient analyzer. For a decsy transient, the roles of the
?‘b) and (£) pulses are interchanged by throwing the reversing switch
shown in Figure 2, The operation of the transient analyzer then proceeds
as previously desoribed,

The complete oircuit diagram of the trensient a.no,lyzer. is
gshown in Figure 3. Conventional pulse-circuit tochniques are used;
therafore, no detalled description is necessary.
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The particular oircuilt design shown is intended primarily for
60 and 400 cps operation but could be modified for higher frequency
use with minor changes. Wave forms of voltagss at wvariocus points in
the cirouit areshown in Figure 4.* In Figure 4 the letters "a" to "x"
refer to ithe cirouit polnts shown in Figures 2 end 3. al and a2 are the
output voltages across the load of a Hipernik V. full-wave a~o smplifier
for two values of ocontrol signal; a3 1s the voliage across the load
winding of one reacter corresponding to a2. gl and g2 correspond to
signals a2 (or a3) and al respectively for a decay transient in which
the reference angle (f) 1lies in between thess two limits. The magnetic
smplifier scurce is 20 volts rms snd is shown in all oscillograms to the
game scale,

OPERATING EXPERIENCE AND REMARKS

The primary aim in developing the transient analyzer was to
keop the clrouitry ms simple as possible and yet provide a device which
would be sultable for testing a wide range of megnetic amplifiers,
Certain limitatlions exist; these will be brought out in the course of the
following discussion.

The sensitivity of the circult was found %o be sufficient to
allow satlsfactory operation on signals obtained from typical 10 volt,
80 ops, (supply voltage and frequency) halfewave and fuil-wave mag=-
netic amplifiers using Mumetal and Hipernik V core materials, For much
smaller signals, en additional stage of preamplification would be nec=
essary. While there 1ls virtually no upper limit to the amplituds of the
slgnal that can be accepted, 1t may be necessaryto restrict the amp-
litude in certaldn ceses where distortions or spurious pulses exist in the
output of the magnetic amplifier wave; this can always bedone with a
high resistance voltage divider network.

The logioc of the circult operation requires that the input
from the magnetic amplifier be sufficient to trigwer the flip-flop

stage for all walues of realized during the transient. This con~
dition hecomes diffioult o fulfill when either the initial or final
value of approaches ®, even though the signal astrength may be

ndequate over the major portion of the transient. While the logic of the
deslgn ocould be changed totake care of this situation, the additional
cirouit oomplexity makes the change undesireable . s nd: contrary to the
original aim at simplicity. Furthermore, the oamse for which "MA

*0soillograms (b) and (£) are obtained with the tubeJ'fz removed from
its soocket. '
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apnroaches 1 is & very unusual one and its exclusion does not lmpose s
serious limitation on the usefullness of the device, At this point

it may be asked whether the aforementioned limitatior on does not
sxolude the spplication of the transisnt analyrer tv push-pull magnetioc
smplifiers of the null-balance type in which the initial or £inal steady
state output is usuallywze:. .. ensweris negative becsuse with such
oircuits the signal is obtained not from the output but from a winding
on one core. IHence, even at rull valance, the signal “p 18 not

likely to approach n.

The accuracy of the transient analyzer depends upon how acour-
ately the reference angle (%,) can be set according to the procedure
reviously given. 1In every case tested, the reference adjustment
point at which the Moounting” just ceases) could be set as accurately
a8 the meter (indicating output ourrent or voltage) could be reade
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APPENDIX

list of Components ~ Transient Analyser

Tubes; T to T5 -~ 6SN7

Transformers X1 - 120.v PRI,B0v. center tapped SEC, 604400 cps.

Potentiometerss Pl - 860.K, 4.W
P2 - 20K, 4.W

Crystal Diodet CR- IN34

Switches 81,82,84,96,38 - DEDT,
83 - SPDT,

Power Supply: B+, 160.v, 40, ma

B-, 100.v, 10.m8
Resistors: (1 watt, ocarbon, + 6%)

R13,R14,R28

R3,R17,R26

RS, R7

RG,R19,R27

R23

RS,R9, and H10,R11

R2,R15,R21 K22

R1,R18,R20,R24,R26

R4

RiZ,R16

No Neutra_l Position

Neutral Position

=10 K

"18 QR

~24,% (Matchod within 2%

-100 .K

=-150 K

«240.K (Matched within 2%)

=470 KX
=1, Meg
-l 3 Megﬂ

2.2 Mags

'\

X N—
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Condenserss

(¢ 10. %)
€11

C4,C6

co

c12
¢3,010
c2

c8

]

c7

€1,C13

«~56 upf
-100 ppf
~230 ppf
=360 ppf
-0,001 pf
~0,002 pf
=04,003 uf
0,007 pf
=0,06 pf

=0.1 pf
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Mg, 1l =~
Pig. 2 =
Mg. 3 -
Tig. 4 -

e e

T S
T 1 L FOEY D MY LS

LIS? OF FIOURES

MRI-13052
MRI-13053
MRI-13054
NRI-13055




|

e En

[ Y+

arr—x

|
!

AC POWER

SOURCE
S
INPUT |MAG OUTP.LLT TRANSIENT - ELECTRONIC
AMP ANALYZER COUNTER
L
— .
| cLamp .
45 |
INITATE N o | |
TRANSIENT
— — REFERENCE - @
-+ ADJUSTMENT
fez ~ ()
A OUTPUT
oF MA.
:/PEFEREN(,‘E | |
I ! - |
|
| oyl ' -
oo | o o /|
| g ) i '
‘ | |
n
)

DE TERMINATION OF TRANSIENT RESFONSE
OF A MAGNETIC AMPLIFIER

FIGURE /

2-53 MR (305~

v

PRTT S




K907 -ITW

(¥ > Vi)
JONIWALH IN0EY

A
_/.\

(Mo € YY)
ADNFHZ43H MO138

Uy

ANIISN7YL dN-aing ONNAA

31VS NO 3OV.LI0A “IOMLNOD 4

Sy

2 JdN9i4

(WWVHOYId M00719)

HIZATIVNY LNIISNVY_L

()

M

(ANTISNVHL —
40 1uviS

1% N3d0)
SINVYID

1 b g

.luL_Q

H4413} |

diNY

S \ss \mﬂ

d0d Tl_
Ji7id

N_.ro <

C))

- ($)

T2y

104100

)
I\
[\

\V/

o)

VN

=410
2
=14

——

JANAY \/\7

/4\\ VA

N

WOMH LNt

A

%»

(D

\/




$¥S0C! 14N

& 34n914
WYYOwIa  LIN2510
NIAZATYNVY  LNIFISNVYL

& ———
INdin0

\\(\_ m\u_
| g2y
._.,“
i
| T0ALINGO

— 1. =

N T AT E I ROt -




VCLTAGE WAVE FORMS

Figure 4

MRD 13065

i -&w



